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@ Drive apparatus for hybrid vehicle. 



@ A drive apparatus, for a hybrid vehicle equipped 
with an engine (1 ) and a motor (6), heats the engine 
(1 ) or a catalytic converter (9) using the regenerated 
electricity of the motor (6). As the temperature of the 
engine (1) or the catalyst thus rises, air polluting 



components in an exhaust gas discharged via the 
motor (6) or the catalytic converter (9) are reduced. 
Typical air polluting components are NC, NOx and 
CO. 
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BACKGROUND OF THE INVENTION 

1. Reld of the Invention: 

This invention relates to a drive apparatus for a 
hybrid vehicle having an engine and a driving nno- 
tor. and more particularly to the treatment of ex- 
haust gas produced when the engine is activated. 

2. Description of the Related Art 

In recent years, for the purposes of air environ- 
ment protection and noise reduction, a so-called 
electric vehicle equipped with an electric motor as 
a drive source has commanded a tot of attention. 
IHowever, a battery to activate the electric motor 
has only a limited capacity so that the electric 
vehicle can travel only a limited distance on one 
battery charging, compared to gasoline vehicles. 
Further, unlike filling up with gasoline, it takes a 
long time to charge up the battery of the electric 
vehicle so that it is impossible to increase uninter- 
rupted mileage to a considerable extent. 

To this end. a hybrid vehicle has been pro* 
posed which suppresses the exhaust gas and noise 
problems of the conventional gasoline vehicles and 
complements the disadvantage of the electric ve- 
hicles. In this hybrid vehicle, a generator is ac- 
tivated by the engine to supply electricity to a 
motor for driving the vehicle and also to accu- 
mulate electricity In a battery. In the hybrid vehicle, 
like the conventional electric vehicle, the battery 
can supply electricity to the motor for driving the 
vehicle. Further, since variance in output torque 
can be damped by the battery, it is possible to 
operate the engine In a constant condition. Ir- 
respective of the travelling conditions of the ve- 
hicle. It is therefore possible to operate the engine 
so as to cause less noise and less noxious sub- 
stances to be contained in the exhaust gas. 

FIG. 5 of the accompanying drawings shows, of 
the prior hybrid vehicles, a so-called series hybrid 
vehicle. The series hybrid vehicle comprises an 
engine 1 to be driven by fuel such as gasoline, a 
generator 2 to be activated by the engine 1 to 
generate d.c. electricity, a battery 3 for accumulat- 
ing the electricity generated by the generator 2, an 
inverter 4 for converting the d.c. electricity from the 
generator 2 and the battery 3 Into a needed value 
of a.c. electricity, an induction motor 6 to be ac- 
tivated by the a.c. electricity from the Inverter 4, 
and a transmission or gearbox 7 for transmitting 
the driving force of the motor 6 to tires 8. 

During power running, fuel such as gasoline Is 
supplied to the engine 1 for rotation at a predeter- 
mined r.p.m. The torque of the engine 1 is trans- 
mitted to the generator 2 for conversion into d.c. 
electricity. Of the thus obtained electricity, an 



amount sufficient to drive the motor 6 Is sent to the 
motor 6 via the inverter 4 and the surplus elec- 
tricity is accumulated in the battery 3. On the other 
hand, the torque of the motor 6 is transmitted to 
6 the tires 8 via the transmission 7 to cause the 
hybrid vehicle to travel. When the electricity sent to 
the motor 6 from the generator 2 is short, the 
battery 3 supplies the shortage. The supply of 
electricity to the motor 6 is varied by controlling a 

10 built-in switching device of the Inverter 4 to react 
. o: accordingly to the extent of stepping on the accel- 
\ ^^u)^Tator or gas pedal. 

On the other hand, to lower the speed of the 
hybrid vehicle, regenerative braking is used as a 

75 counterpart to engine braking. Regenerative brak- 
/- Ing is performed as the switching device built into 
the inverter 4 is controlled. During this regenera- 
tion, rotational energy is given to the motor 6 from 
the tires 8 via the transmission 7. regenerated 

20 electricity is produced from the motor 6. This re- 
generated electricity is converted into d.c. elec- 
tricity by the inverter 4 and is then accumulated in 
the battery 3. 

As mentioned above, the hybrid vehicle carries 

25 the engine 1. Whenever the engine 1 is operated, it 
produces exhaust gas; consequently the most Im- 
portant subject currently is to realize low envi- 
ronmental pollution by minimizing air polluting sub- 
stances in the exhaust gas. 

30 The emission of air polluting substances in the 

exhaust varies sharply as the operating condition of 
the engine 1 is changed. For example, if the engine 
1 is started at the beginning of operation when it is 
low in temperature (cold starting), the emission of 

35 air polluting substances is increased very much. 
Usually the vehicle is equipped with an exhaust 
gas cleaner called a catalytic converter; if this 
catalytic converter works adequately, the exhaust 
gas contains only a very small amount of air pollut- 

40 ing substances. If it is low in temperature, however, 
the catalytic converter works inadequately so that 
the emission of air polluting substances such as 
hydrocarbon (HC) is increased. Thus If an engine- 
related part or element, such as the engine body or 

45 the catalytic converter, Is low in tennperature, air 
polluting sutDstances in the exhaust gas are in- 
creased. 

Japanese Utility Model Publication No. SHO 
56-17724 discloses a concept of warming up the 
50 engine using the electricity from the battery. In this 
prior art, since a heater dedicated for warming-up 
is used, it is Impossible to use regenerated elec- 
tricity efficiently. 

55 SUMMARY OF THE INVENTION 

It Is therefore an object of this invention to 
provide a drive apparatus which uses electricity 
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efficiently and can make the engine of a vehicle 
less polluting. 

According to the Invention, there Is provided a 
drive apparatus for a vehicle, comprising: a motor 
serving as a drive source of the vehicle and adapt- 
ed to regenerate electricity; means operable, in 
response to an mechanical output of an engine, for 
generating electricity and for supplying the elec- 
tricity to the motor to activate the motor; means for 
heating the engine or a target part relating to an 
exhaust gas from the engine using the regenerated 
electricity of the motor; and means for controlling 
the heating means to suppress the content of a 
predetermined component in the exhaust gas. 

In the drive apparatus of this invention, the 
regenerated electricity is effectively used to reduce 
the emission from the engine. In the prior art, a 
heater to which electricity is supplied from another 
source is used to heat the engine, whereas in this 
invention, since the emission can be reduced by 
using the regenerated electricity, it is possible to 
achieve an improved degree of energy efficiency. 

The target for heating may be examplified as 
the engine or a catalytic converter. 

In a first example, it avoids cold starting by 
heating the engine using the regenerated electricity 
of the motor, without using any separate electricity 
source. 

In a second example, It hastens the catalytic 
reaction by heating a catalytic converter. The cata- 
lytic converter serves to remove air polluting sub- 
stances from the engine's exhaust gas, and the 
heater serves to increase the amount of the re- 
moved air polluting substances by using the regen- 
erated electricity of the motor rather than electricity 
from a separate source. 

The electricity supplying means have to be 
equipped with at least a means responsive to the 
mechanical output of the engine for generating 
electricity. If the generating means is a d.c. type 
and the motor is an a.c. motor, it further requires a 
means such as an inverter for converting the d.c. 
electricity, which is obtained by the generating 
means, into a.c. electricity. 

Preferably, the drive apparatus further includes 
a means such as a battery for accumulating the 
generated output of the generating means and the 
regenerated electricity of the motor and for sup- 
plying the electricity to the motor and the sup- 
pressing means. With this accumulating means, it 
Is possible to control the drive apparatus so as to 
drive the vehicle as an electric vehicle, when the 
temperature of a target part or element (e.g., the 
engine or the catalytic converter) to be heated by 
the heating means is lower than a predetermined 
temperature, and so as to drive the vehicle as a 
hybrid vehicle, when it is higher than the predeter- 
mined temperature. In driving the vehicle as an 



electric vehicle, the motor is activated only by the 
electricity from the battery, without operating the 
engine. In driving the vehicle as a hybrid vehicle, 
the engine is operated to activate the generating 

5 means by the mechanical output of the engine to 
generate electricity, and the motor is activated by 
both the last-named electricity and the electricity 
from the battery. 

Further, the condition in which the engine or 

10 the catalytic converter are to be heated is deter- 
mined in the order of controlling. 

For example, if the battery is inadequately 
charged, the regenerated electricity is used to 
charge this battery. Conversely, if the battery is 

75 adequately charged, it is possible to select the use 
of the regenerated electricity to heat the engine or 
the catalytic converter. Further, if the engine was 
started when the temperature of the engine or the 
catalytic converter was lower than a predetermined 

20 temperature, it would have resulted in cold starting. 
Whereas, according to this invention, it is possible 
to select heating the engine or the catalytic con- 
verter by the regenerated electricity only when the 
temperature of the engine or the catalytic converter 

25 is lower than a predetermined temperature. 

Furthermore, the drive apparatus may further 
be equipped with a means for consuming, of the 
regenerated electricity of the motor, the partial 
electricity which is surplus to the suppressing 

30 means requirements so that it is possible to switch 
between supply of the regenerated electricity of the 
motor to the suppressing means and supply of the 
regenerated electricity of the motor to the consum- 
ing means. The temperature of cooling water may 

35 be detected as the temperature of the engine or 
catalytic converter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 FIG. 1 is a block diagram showing a drive ap- 
paratus according to a first embodiment of this 
invention; 

FIG. 2 is a flow diagram showing the mode of 
control by an electronic control unit (hereinafter 
45 called "ECU") in the first embodiment; 

FIG. 3 is a block diagram showing a modified 
drive apparatus according to a second embodi- 
ment of the invention; 

FIG. 4 is a block diagram showing the mode of 
50 control by the ECU In the second embodiment; 
and 

FIG. 5 Is a block diagram showing a prior art 
drive apparatus. 

55 DETAILED DESCRIPTION 

Embodiments of this invention will now be de- 
scribed with reference to the accompanying draw- 
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ings. 

FIG. 1 shows a drive apparatus, for a hybrid 
vehicle, according to a first embodiment of the 
invention: parts or elements similar to those of the 
prior art shown in FIG. 5 are designated by like 
reference numerals, and any repetition of descrip- 
tion is omitted. 

An exhaust pipe 14 of the engine 1 is provided 
with a catalytic converter 9 for cleaning the exhaust 
gas. The catalytic converter 9 removes hydrocar- 
bon (HC), carbon monoxide (CO) and nitrogen ox- 
ide (NOx) in the exhaust gas by catalytic action; it 
oxidizes HC and CO, and reduces NOx. For this 
purpose, the catalytic converter 9 is packed with, 
for example, catalyst pellets so that the above- 
mentioned oxidation and reduction will occur when 
the exhaust gas comes into contact with the cata- 
lyst. For an adequate demonstration of the catalytic 
action, it is necessary to keep the temperature of 
the catalyst at a temperature of at least about 
600* C. The catalyst is usually kept at a high 
temperature by high-temperature exhaust gas. 

In the catalytic converter 9, there is provided a 
temperature sensor 13 for detecting the tempera- 
ture of the catalytic converter 9, around which a 
discharge resistor 10 is located for heating the 
catalytic converter 9. The discharge resistor 10 will 
produce heat upon receipt of current from the 
inverter 4. To the inverter 4, a discharge resistor 
IDA is also connected so that it is possible to 
switch, using a circuit change-over switch 15, be- 
tween supply of the electricity from the inverter 4 
to the discharge resistor 10 and supply of the 
electricity from the inverter 4 to the discharge 
resistor 10A. The drive apparatus also includes an 
electronic control unit (ECU) 5 for controlling the 
engine 1 , the inverter 4 and the circuit change-over 
switch 1 5 based on the voltage of the battery 3 and 
the temperature of the catalytic converter 9 de- 
tected by the temperature sensor 13. 

The operation of the drive apparatus will now 
be described with reference to the flow diagram of 
FIG. 2. First of all. the ECU 5 determines whether 
or not an ignition switch (not shown) is on (step 
S101). If it is on. the ECU 5 compares the tempera- 
ture of the catalytic converter 9 with a predeter- 
mined temperature TO based on the data from the 
temperature sensor 13 (step SI 02). This predeter- 
mined temperature TO is preset to the lowest tem- 
perature needed to start the engine 1. The result of 
this discrimination is that if the temperature of the 
catalytic converter 9 is higher than the predeter- 
mined temperature TO, the ECU 5 starts the engine 
1 so that the hybrid vehicle can start running as a 
gasoline-operated vehicle in the usual manner (step 
SI 03). If the engine 1 has already been started, it 
is essential to simply continue operating the engine 
1. 



In this state, the ECU 5 further determines 
whether or not it is at the time of regeneration 
braking (step SI 05). The reason for this is that 
although as much of the electricity generated by 

5 regeneration braking as possible should be col- 
lected, it would shorten the life of the battery 3 if 
overcharged. At step 8105. a decision is made as 
to whether or not the battery 3 may be charged. If 
the voltage of the battery 3 is lower than a pre- 

10 determined high voltage, the ECU 5 recognizes the 
brittery 3 to be chargeable and then supplies the 
regenerated electricity to the battery 3 under the 
cont'O' of the switch 1 5 (step SI 06). 

If the voltage of the battery 3 is higher than the 

75 predetermined high voltage, it is not preferable that 
the battery 3 be charged. The ECU 5 then deter- 
mines whether or not the temperature of the cata- 
lytic converter 9 is higher than a predetermined 
temperature T1 (step S107). This predetermined 

20 temperature T1 is preset to a value higher than the 
predetermined temperature TO and is a tempera- 
ture to be used when deciding whether or not the 
temperature of the exhaust gas is adequately high. 
The temperature of the catalytic converter 9 is 

25 measured by the temperature sensor 13. If the 
temperature of the catalytic converter 9 is higher 
than the predetermined temperature T1, it is not 
necessary to heat the catalytic converter 9, and it 
is in fact preferable that the catalytic converter 9 is 

30 not heated. The ECU 5 then supplies the regener- 
ated electricity to the discharge resistor 10A under 
the control of the switch 15, and the discharge 
resistor 10A discharges regenerated energy (step 
SI 08), thus securing an adequate regeneration 

35 braking force. 

If the temperature of the catalytic converter 9 is 
lower than the predetermined temperature T1. the 
catalytic converter 9 may be heated. Therefore it is 
possible to supply electricity to the discharge resis- 

40 tor 10, and so the ECU5 supplies the regenerated 
electricity to the discharge resistor 10 (step Si 09). 
As it repeats these procedures, the ECU 5 supplies 
the regeneration braking electricity to the discharge 
• resistor 10, the discharge resistor 10A or the bat- 

45 tery 3 to perform necessary regeneration braking. 

Then as the result of determining the tempera- 
ture of the catalytic converter 9 at step 102. if the 
temperature of the catalytic converter 9 does not 
reach the predetermined temperature TO, the ECU 

50 5 does not start the engine 1 and activates the 
motor 6 to cause the hybrid vehicle to travel as an 
electric vehicle (step S1 10). While causing the ve- 
hicle to travel as an electric vehicle, the ECU 5 
makes the discharge resistor 10 conductive under 

55 the control of the switch 15 (step S111). By this 
control, the temperature of the catalytic converter 9 
rises quickly to reach the predetermined tempera- 
ture TO so that the hybrid vehicle can then travel 
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as a gasoline-operated vehicle. 

As described above, in this embodiment, if the 
temperature of the catalytic converter 9 is lower 
than the predetermined temperature TO, the engine 
1 is not started and the catalytic converter 9 Is 
heated by the discharge resistor 10. Therefore it is 
possible to prevent the engine 1 from being op- 
erated in the condition where the temperature of 
the catalytic converter 9 is low and the exhaust gas 
cleaning ability is inadequate, thus preventing any 
increased concentration of air polluting substances 
such as HC in the exhaust gas. During regeneration 
braking, since the ECU 5 causes the switch 15 to 
switch between supply of the regenerated elec- 
tricity to the battery and supply of the regenerated 
electricity to the discharge resistors 10. 10A, de- 
pending on the voltage of the battery 3, it is possi- 
ble to prevent the battery 3 from being adversely 
affected by excessive regenerated electricity. Fur- 
ther, if the voltage of the battery 3 is adequately 
high and the battery 3 cannot accumulate elec- 
tricity, the regenerated electricity can be consumed 
by the discharge resistor IDA, when the tempera- 
ture of the catalytic converter 9 is higher than the 
predetermined temperature T1. and can be con- 
sumed by the discharge resistor 10, when the 
temperature of the catalyst converter 9 is lower 
than the predetermined temperature T1. Therefore 
It is possible to secure an adequate regeneration 
braking force, protecting the battery 3. 

FIG. 3 shows a modified drive apparatus ac- 
cording to a second embodiment in which the 
engine 1 is to be heated, parts or elements similar 
to those of FIG. 1 are designated by like reference 
numerals, and any repetition of description is omit- 
ted. In this embodiment, the engine 1 is equipped 
with a heater and a temperature sensor. If the 
temperature of the engine 1 is low. the engine 1 
will be heated. 

FIG. 4 shows how the engine 1 is to be heated 
in the second embodiment. Steps similar to those 
of FIG. 2 are designated by like reference nu- 
merals, and repetition of description is omitted. In 
this embodiment, at step 8102, the ECU 5 deter- 
mines, from the output of a temperature sensor 21 , 
whether or not the temperature of the cooling water 
is higher than a predetermined temperature TO. If 
the temperature of the cooling water is lower than 
the predetermined temperature TO, the ECU 5 
causes the vehicle to travel as an electric vehicle 
(step S110) and makes a heater 20 conductive 
under the control of the switch 15 (step S1 11). On 
the other hand, If the temperature of the cooling 
water is higher than the predetermined temperature 
TO, the ECU 5 executes step SI 03 to start the 
engine 1. At step SI 07. the ECU 5 determines, 
based on the output of the temperature sensor 21, 
whether or not the temperature of the cooling water 



is higher than the predetermined temperature Tl. 
As the result of his determination, if it is higher 
than the predetermined temperature Tl . the ECU 5 
presumes that it is not favorable to heat the engine 
5 1 and so supplies current to the discharge resistor 
IDA via the switch 15 (step 8108). If it is lower than 
the predetermined temperature Tl . the ECU 5 
makes the heater 20 conductive via the switch 15 
to heat the engine 1 (step S109). By this control, if 

10 the temperature of the engine 1 is low. it is possi- 
ble to heat the engine 1 before starting so that the 
engine 1 can be operated only in a friction-less 
condition, and it is possible to suppress the emis- 
sion of air polluting substances from the engine 1 

75 to a minimum. 

At step SI 05 of FIGS. 2 and 4, if the voltage of 
the battery 3 is not a high voltage, the regenerated 
electricity will be supplied to the battery 3 without 
fail. However, if heating is needed. It may advance 

20 to step SI 07 or SI 08 even when the battery volt- 
age Is not a high voltage. In the illustrated embodi- 
ments, the engine-related parts to be heated are 
the catalytic converter 9 and the engine 1. Alter- 
natively, the engine-related part may be any other 

25 element or medium, such as engine oil. whose 
temperature can rise when heated. 

According to the drive apparatus of this inven- 
tion, since the engine is started after heating an 
engine-related part to clean the exhaust gas of the 

30 engine, it is possible to realize a considerably 
improved low-pollution hybrid vehicle. Further, 
since the regenerated electricity can be used in 
heating, an improved energy efficiency can be 
achieved. 

35 A drive apparatus, for a hybrid vehicle 

equipped with an engine (1) and a motor (6). heats 
the engine (1) or a catalytic converter (9) using the 
regenerated electricity of the motor (6). As the 
temperature of the engine (1) or the catalyst thus 

40 rises, air polluting components in an exhaust gas 
discharged via the motor (6) or the catalytic con- 
verter (9) are reduced. Typical air polluting compo- 
nents are NC, NOx and CO. 

45 Claims 

1- A drive apparatus for a vehicle, including a 
motor (6) serving as a drive source of the 
vehicle and adapted to regenerate electricity, 

50 and means (2, 3, 4) operable, in response to 

an mechanical output of an engine (1), for 
generating electricity and for supplying the 
electricity to said motor (6) to activate said 
motor (6), characterized In that said apparatus 

55 further includes means (10.20) for heating the 

engine (1) or a target part (9) relating to an 
exhaust gas from the engine (1) using the 
regenerated electricity of the motor (6) and 
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means (5) for controlling the heating means 
(10.20) to suppress the content of a predeter- 
mined component in the exhaust gas. 

A drive apparatus according to claim 1. s 9. 
wherein said target part is a catalytic converter 
(9) for removing the predetermined component 
by catalytic reaction. 

A drive apparatus according to claim 1 or 2. to 

characterized in that said controlling means (5) 

supplies the regenerated electricity of said mo- 1 0. 

tor (6) to said heating means (10, 20) only 

when the temperature of the target (1, 9) of 

said heating means (10, 20) is lower than a rs 

predetermined temperature. 

A drive apparatus according to claim 1 or 2, 
characterized in that said electricity supplying 
means (2. 3, 4) includes a battery (3) for being 20 
charged with the generated electricity and the 
regenerated electricity of the motor (6) and for 
supplying the electricity to said motor (6) and 
said heating means (10, 20). 

25 

A drive apparatus according to claim 4. char- 
acterized in that when the temperature of the 
target (1, 9) of said heating means (10, 20) is 
lower than a predetermined temperature, said 
controlling means (5) is responsive to the elec- 30 
tricity from said battery (3) without activating 
the engine (1 ), and that when the temperature 
of the target (1. 9) of said heating means (10, 
20) is higher than the predetermined tempera- 
ture, said controlling means (5) activates the 35 
engine (1). is responsive to the mechanical 
output of the engine (1) for activating said 
electricity supplying means (2. 3. 4) to gen- 
erate electricity, and is responsive to the last- 
named electricity and the electricity from said 40 
battery (3) for activating said motor (6). 



(6) to said suppressing means (9, 10. 20) and 
supply of the regenerated electricity of said 
motor (6) to said consuming means (10A). 

A drive apparatus according to any of claims 2 
through 7, characterized in that said apparatus 
further includes means (21) for detecting the 
temperature of the target (1. 9) of said heating 
means (10,20) from the temperature of the 
cooling water. 

A drive apparatus according to any of claims 2 
through characterized in that said electricity 
supplying means (2. 3, 4) includes means (2) 
responsive to the mechanical output of the 
engine (1) for generating d.c. electricity, and 
means (4) for converting the d.c. electricity, 
which is obtained by said generating means 
(2) into a.c. electricity. 



A drive apparatus according to claim 4 or 5, 
characterized in that only when said battery (3) 
is adequately charged, said controlling means 45 
(5) supplies the regenerated electricity to said 
heating means (10, 20). 

A drive apparatus according to any of claims 2 
through 5, characterized in that said apparatus 50 
further includes means (10A) for consuming, of 
the regenerated electricity, the partial electric- 
ity which Is surplus to requirements. 

A drive apparatus according to claim 6, char- ss 
acterized in that said apparatus further in- 
cludes means (15) for switching between sup- 
ply of the regenerated electricity of said motor 
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® A drive apparatus, for a hybrid vehicle equipped 
with an engine (1) and a motor (6), heats the engine 
(1) or a catalytic converter (9) using the regenerated 
electricity of the motor (6). As the temperature of the 
engine (1) or the catalyst thus rises, air polluting 



components in an exhaust gas discharged via the 
motor (6) or the catalytic converter (9) are reduced. 
Typical air polluting components are NC, NOx and 
CO. 
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